Long forest continuity has often been linked with high conservation value in western European Quercus and Fagus woodlands, but this assumption of long continuity has rarely been tested. Birks (1993) discussed the antiquity of bryophyte-rich Quercus woodland in western United Kingdom presenting evidence that the modern plant communities developed during the late Holocene influenced by human activities. We use pollen data from forest hollows to show that the modern communities within ancient woodlands are all significantly influenced by recent human disturbance. A short period of deforestation in Johnny's Wood, Cumbria, UK dates from the late nineteenth century and is not of Viking age as previously thought. The brief opening of the forest is associated with the local loss of Tilia cordata and Taxus baccata, but a rich bryophyte community exists today. Rich lichen floras of high conservation interest growing on Fagus sylvatica in southwestern Sweden occur despite a recent history of human disturbance and local immigration of Fagus as recently as the ninth century AD. Wistman's Wood, Cornwall, UK had a diverse tree flora until the eleventh century AD and then experienced heavy browsing and grazing until AD 1850, after which time the present Quercus woodland developed with its associated flora of high conservation value. Most western European forests today have long and diverse histories of anthropogenic disturbance and current conservation values incorporate both natural and cultural features. Pollen studies with high spatial resolution demonstrate that simple temporal concepts like 'natural baselines' and the continuity of forest cover underestimate the complexity of the past. Long forest continuity may be of importance for the local survival of higher plants, but for the insects, fungi, lichens and bryophytes that are so valued in contemporary European temperate and boreal forests, habitat diversity maintained by dynamic processes would appear to be of greater significance. spatial resolution demonstrate that simple temporal concepts like 'natural baselines' and the continuity of forest cover underestimate the complexity of the past. Long forest continuity may be of importance for the local survival of higher plants, but for the insects, fungi, lichens and bryophytes that are so valued in contemporary European temperate and boreal forests, habitat diversity maintained by dynamic processes would appear to be of greater significance.
Introduction
There are a number of long-term states and processes that are relevant for conservation biology, including biodiversity baselines, thresholds and resilience to climate change (Willis, Bailey et al. 2010 ). The concepts of primary and secondary forest are widely used to guide conservation policy, particularly in tropical regions, where there are often marked differences in structure and composition between primary and secondary forest (Waltert, Bobo et al. 2011) . Criteria for distinguishing primary from secondary forest in tropical areas are rarely discussed as recent clearance episodes are often easily identified in the field. However if previous forest clearance is further back in time, it can be harder to detect and the effects of clearance may therefore be effectively reversible (Willis, Gillson et al. 2004 ). Segerström et al. (1994) found that a northern Swedish boreal forest that had been cleared by human activities between AD 1500-1700, was today indistinguishable in overall species content from unmanaged primary forest. By contrast, Dambrine et al. (2007) found a significant legacy in the ground flora from a 2000 year old clearance of temperate forest in northern France.
The Convention on Biological Diversity (CBD) has defined primary and secondary forest, but allows for considerable flexibility in its primary forest definition in Europe and acknowledges potential overlap with secondary forest where there have been longer periods of human activity (Table 1) . As Willis et al. (2004) suggested, this complexity may well apply to other regions of the world where less is known about long-term vegetation history. Studies of the biodiversity of primary and secondary forests are often based on field plots of around 0.25 ha (Waltert, Bobo et al. 2011 ) and observations at this spatial scale can be hard to relate to regional vegetational histories reconstructed from pollen analysis of lakes and larger peatlands because conventional pollen analysis records vegetational change at spatial and temporal scales that are largely unfamiliar to the plant ecologist (Bradshaw 2013) . Forest hollows and other 'closed-canopy' sites, by contrast, are (Bradshaw 2013; Lindbladh, Fraver et al. 2013) . In this paper we use records from small forest hollows in Western Europe to examine the relationship between past human impact and current conservation value at three forest sites with high biodiversity. Birks (1993) , in one of the first forest hollow studies in the British Isles, showed that a forest currently dominated by Quercus robur in north-western Britain that contained an "internationally important assemblage of Atlantic bryophytes has no long history and appears to have developed comparatively recently as a result of changes in land-use and woodland management." This statement was based on his own study in north-western Britain and earlier research of Edwards (1986) in Wales and Mitchell (1988; 1990) in Ireland. Birks (1993) further commented that "the rather scanty data from such local-scale pollen studies on the history of specific plant communities at the association level indicate that many, if not all, have originated in the late Holocene, usually closely associated with human activity and land-use change. It appears that modern plant associations in Europe cannot usually be traced for more than 1000-1500 years at the most. Many appear to have arisen by the direct or indirect influence of humans and their animals." These statements have rarely been rigorously tested within conservation biology, although forest cover for at least the last thousand years is included in the CBD primary forest definition (Table 1 ) and our understanding of the relationship between ancient and primary European woodlands has developed through time (Goldberg, Kirby et al. 2007) . It is timely to test hypotheses about the conservation value of long forest continuity against more of the data that have appeared from forest hollows since 1993 (Willis and Birks 2006; Birks 2012; Mitchell 2013 ) and here we present three forest hollow sites from the British Isles and Sweden. All the sites are protected nature reserves today and part of their natural values have been presumed to be linked with long forest continuity. We use these palaeoecological records to test the hypothesis that perceived forest conservation value is directly linked to long-term forest cover and the primary forest condition. 
Primary forest
A primary forest is a forest that has never been logged and has developed following natural disturbances and under natural processes, regardless of its age. It is referred to "direct human disturbance" as the intentional clearing of forest by any means (including fire) to manage or alter them for human use. Also included as primary, are forests that are used inconsequentially by indigenous and local communities living traditional lifestyles relevant for the conservation and sustainable use of biological diversity. In much of Europe, primary forest has a different connotation and refers to an area of forest land which has probably been continuously wooded at least throughout historical times (e.g., the last thousand years). It has not been completely cleared or converted to another land use for any period of time. However traditional human disturbances such as patch felling for shifting cultivation, coppicing, burning and also, more recently, selective/partial logging may have occurred, as well as natural disturbances. The present cover is normally relatively close to the natural composition and has arisen (predominantly) through natural regeneration, but planted stands can also be found.
However, the suggested definition above would include other forests, such as secondary forests Secondary forest A secondary forest is a forest that has been logged and has recovered naturally or artificially. Not all secondary forests provide the same value to sustaining biological diversity, or goods and services, as did primary forest in the same location. In Europe, secondary forest is forest land where there has been a period of complete clearance by humans with or without a period of conversion to another land use. Forest cover has regenerated naturally or artificially through planting. 
Material and Methods

Palaeoecological methods
The small forest hollow within Johnny's Wood is a small circular closed basin that measures c. 20-30m in diameter and is the same site that was sampled and analysed by Birks (1993) . A single peat monolith 88 cm in length was retrieved using a 100x10x10cm Wardenaar peat sampler (Wardenaar 1987) . The monolith was wrapped in plastic film and secured between wooden planks for transport and refrigerated storage. 37.5 cm of mor humus was collected from a site between granitic boulders in the centre of Wistman's Wood. Two half drain pipes were pushed into the humus, taped together and excavated. The core was wrapped in plastic film and stored in a freezer. A 1 m core was collected from the hollow at Almeberget using an 8 cm diameter Russian corer. The core was wrapped in plastic for transport and sliced into 1 cm segments and frozen prior to pollen and (Prentice 1985) and practice (Sugita, Parshall et al. 2010) to sample the majority of pollen from within 100-1000 m. This represents a spatial scale similar to the scales at which practical conservation often takes place, such as reserve selection and management (Lindbladh, Niklasson et al. 2008 ). Preparation of the samples for pollen analyses followed standard methods (Berglund 1986; Moore, Webb et al. 1991 ) and counts were made at ×400 magnification with some finds checked at ×1000 magnification. Pollen percentages were expressed as the sum of terrestrial pollen and spores excluding Sphagnum and aquatics, although these were counted.
Total concentrations of atmospherically deposited lead (Pb) were determined for the Johnny's Wood and Almeberget sediment. A total of 20 samples were taken at 4cm intervals, freeze dried, and then using an agate mortar, ground to form a powder. The powder was pressed into standard holders and analysed using S2 Ranger X-ray Fluorescence Spectrometry (XRF) spectrometer (University of Liverpool). Calibrations were made using standard reference material.
Dating
Four chronological markers were used to date the monolith from Johnny's Wood using an approach developed by Boyle et al. (2011) . (1) The lead (Pb) pollution peak representing the period of lead mining between 1860-1865 at nearby Force Crag (Tyler 1990) ; (2) Three thin sediment samples from Almeberget were submitted for AMS dating to Lund University and the peak values for Pb in the core were correlated with dated values from a nearby lake (Bindler, Rydberg et al. 2011 ). All radiocarbon dates were calibrated and plotted using CLAM (Blaauw 2010) . The depth ranges in the core for the four chronological markers were found to be: (1) The first Pb pollution peak at 64cm (lower limit 60cm and upper limit 68cm); (2) The re-introduction of Pinus sylvestris was observed at 36 cm (lower limit 32cm and upper limit 40cm); (3) The mid 1920's decline in elm at 32cm (lower limit 28cm and upper limit 36cm) and; (4) The second Pb pollution peak at 20cm (lower limit 16cm and upper limit 24cm). It can also be assumed the top of the core (0cm) represents the coring year of 2011. The four chronological markers increase in age with depth in an approximately linear manner.
Results
Johnny's Wood, Lake District
The major features of the pollen diagram of Birks (1993) T The radiocarbon dates showed that the Almeberget sediments covered the last 1800 years and the maximum Pb concentration was found at 12 cm depth corresponding to 150 BP (Bindler, Rydberg et al. 2011) (Table 3 ). The pollen record shows a significant transformation in forest type from mixed deciduous forest comprising Tilia, Quercus, Alnus, Ulmus and Corylus with abundant Polypodiaceae in the understorey to a Fagus-dominated forest with evidence for frequent local burning between 600 and 200 years ago and consequent indicators of openings in the forest with occurrence of Poaceae, Ericaceae, Epilobium and recent successions involving Juniperus communis (Fig.3) . The mixed deciduous forest that existed prior to Fagus expansion had previously dominated the region for 8000 years (Hannon, pers.comm.) and a case can be argued that this forest type forms a type of 'natural baseline' because its partial replacement by Fagus is usually linked with human activity in this part of Europe (Björkman and Karlsson 1999; Bradshaw and Lindbladh 2005) . At Almeberget there is evidence for small-scale, local cultivation between 1780 and 1520 years ago comprising low pollen percentages of an assemblage of agricultural weeds including Plantago lanceolata, Artemisia, Asteraceae, Brassicaceae, Ranunculus, Rumex and Apiaceae, together with a single record of Hordeum-type pollen (Fig.3 ). There are a few undated clearance cairns within the present forest that possibly date from this period, but they may be considerably older (Fig.4) . The local establishment of Fagus follows this anthropogenic disturbance, which is a sequence of events that has also been recognised in other parts of Halland (Björkman and Karlsson 1999) and elsewhere in southern Scandinavia (Odgaard 1994; Bradshaw and Lindbladh 2005; Lagerås 2007) . Picea plantation and fire suppression have been features of the last c.100 years. Most Holocene fire in this part of southwest Sweden is associated with human activities (Bradshaw, Lindbladh et al. 2010) . While there has been local forest continuity over parts of the area, both forest composition and disturbance regime have been modified by human activities during the last 1800 years. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Discussion
All three of the sites investigated in this paper have been judged to be of high conservation interest and are parts of valued protected areas. Yet two of the sites are not primary forest, showing clear breaks in forest continuity less than 200 years ago and the third has experienced a major change in dominant forest type with a fluctuating and artificial fire disturbance regime that created openings in the forest canopy. In the British examples, long forest continuity and a close-to-nature disturbance regime were apparently not critical properties for the maintenance of important biological values. These findings fully support very similar observations made from four bryophyterich Quercus woodlands in Snowdonia, Wales, where pollen analysis showed significant forest disturbance during the last 300 years (Edwards 1986) , and from Killarney National Park, Ireland (Mitchell 1988; Mitchell 1990; Mitchell 2013 (Lindbladh, Bradshaw et al. 2000) . All these sites are from local sites with high spatial resolution, but taken together they indicate consistent sequences of events. The hypothesis that the perceived conservation value is directly linked to long-term forest cover or the primary forest condition as defined by CBD is not upheld.
As in many other parts of Europe, much of the landscape surrounding these reserves shows a biome transformation within recent centuries largely as a result of human influence acting over long periods of time. Forests have been converted to heathland or moorland in the Lake District and on
Dartmoor since at least the Late Bronze Age (Pennington 1981; Fyfe and Woodbridge 2012) . In
Halland, much native deciduous woodland has been converted into Picea plantation during the last 150 years (Fritz, Gustafsson et al. 2008; Lindbladh, Hultberg et al. 2011) . Therefore the reserves under study were probably closer to a natural state than nearby habitat, despite their long histories of varied anthropogenic influence. Furthermore these reserves today are islands of diversity in rather homogeneous and species-poor landscapes that was probably not the case in the past. When forest reappeared at the UK sites following past breaks in continuity, there was almost certainly a larger reservoir of forest species available for recolonisation than is the case today. The reserves today have become isolated islands of diversity, as described by Segerström et al. (1994) for a boreal forest nature reserve in northern Sweden, and quite probably these reserves are now more sensitive to clearance and disturbance than in the past because of a lack of reservoir populations for recolonisation. Spracklen et al. (2013) found that native trees regenerated better on clear-felled conifer plantations in upland Britain when these sites were adjacent to mature native trees, so the matrix of surrounding vegetation is likely to be an important factor in how forest diversity recovers following disturbance. The species that confer diversity and conservation interest in these forest reserves today, are bryophytes, lichens, insects and fungi. The propagules of these organism groups are small and usually more easily dispersed than higher plants or mammals and might be expected to have good recolonisation properties. However Fritz et al. (2008) demonstrated that several red-listed lichens and bryophytes were more frequently found in Halland Fagus forests that had a continuity of longer than 350 years as shown on historical maps. Ellis (2012) reviewed lichen ecology and showed that few lichens are confined to single tree species and while some lichens are weak spore producers, the availability of suitable habitat, including old trees, was a critical factor in the local diversity of lichen assemblages. Indeed in Scandinavian boreal forests, high diversity of important lichen and fungal species has been associated with the frequency of natural forest disturbances rather than stand continuity (Ohlson, Söderström et al. 1997) . In Halland, the older Fagus forests tend to have greater structural diversity than the surrounding uniform managed forest areas, so perhaps the long-term maintenance of structural diversity, particularly the continuity of old trees, is a more important factor for biodiversity value than just continuity of primary forest. Regular small-scale disturbance can generate this structural diversity. Heylen et al. (2005) found that fungi, lichens, mosses and ferns had greater diversity in young forests of mixed structure, than in structurally uniform old growth sites in temperate Belgian forest, while Verheyen et al. (2003) showed that forest age and distance from a seed source, rather than forest structure, was the most important factor for recolonisation of secondary woodlands for herbaceous plants, also in Belgium.
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